We performed a prospective study in acute stroke patients to examine the effect of iodinated contrast agents iohexol and iodixanol in clinically relevant doses on rtPA-induced thrombolysis as Background and Purpose-Iodinated contrast agents used for computed tomography angiography (CTA) may alter fibrin fiber characteristics and decrease fibrinolysis by tissue plasminogen activator (tPA). Thromboelastography (TEG) measures the dynamics of coagulation and correlates with thrombolysis in acute ischemic stroke patients. We hypothesized that receiving CTA before tPA will not impair thrombolysis as measured by TEG. Methods-Acute ischemic stroke patients receiving 0.9 mg/kg tPA <4.5 hours of symptom onset were prospectively enrolled.
T he major treatment strategy for acute ischemic stroke (AIS) is pharmacological reperfusion using intravenous tissue plasminogen activator (tPA). 1 In some circumstances, multimodal computed tomography (CT) evaluation consisting of noncontrast CT, perfusion CT, and CT angiography is performed before tPA administration. Although this multimodal approach provides greater information compared with noncontrast CT alone, there is evidence that radiographic contrast agents may interfere with thrombolytic therapy. 2, 3 For example, the presence of contrast agents iopamidol and diatrizoate is associated with decreased fibrinolysis by tPA and urokinase. 3, 4 Additionally, iohexol and amidotizoate significantly delay the time to optimal reperfusion after tPA administration. 5 The mass/length ratio of fibrin fibers dictates the number of tPA-binding sites as well as the efficiency of plasmin-fibrin interaction. 4, 6 Thick fibers are rapidly degraded, whereas lysis of thin fibers is roughly 2 orders of magnitude slower. 4, 6 In pathological states such as hereditary dysfibrinogenemia, the production of extremely thin fibers is associated with a substantial delay in fibrinolysis. 6 Contrast agents may alter the efficacy of thrombolytic therapy through alteration in fibrin fiber structure. Consistent with this idea is the finding that interactions with iohexol and iodixanol as well as other contrast agents result in the production of thinner fibrin fibers and thrombi that are more resistant to lysis by tPA. 6, 7 Thromboelastography (TEG) has been in use since the 1940s, but recent advances in computer technology have made this technique more practical. 8, 9 In TEG, dynamic mechanical forces occurring during clot formation and lysis are transduced into electric signals that can be monitored by computer. 9 Thus, TEG provides an integrated, dynamic view of the whole coagulation process. 9 TEG parameters correlate with elevated coagulability associated with ischemic stroke patients, enzymatic versus platelet contributions to thrombosis, and specific effects of tPA on thrombosis and thrombolysis. 8, 10 Additionally, a recent study demonstrated that TEG was sensitive enough to detect attenuation in rtPA-induced thrombolysis by experimental manipulations, such as acute exposure to cigarette smoke, producing longer, thinner fibrin fibers. measured by TEG. Specifically, we hypothesized that thrombolysis by tPA will not be reduced after CT angiography (CTA).
Methods
This study was approved by the Committee for the Protection of Human Subjects (CPHS) of the University of Texas Health Science Center at Houston.
Subjects
All stroke patients presenting to Memorial Hermann Hospital Emergency Department (MHHED) and meeting published criteria for receiving intravenous tPA <4.5 hours of symptom onset were screened. Subjects were ≤18 years of age.
Data Collection
All acute stroke patients have blood drawn on arrival at MHHED as standard care. Patients (or their legal guardian or next-of-kin) who agreed to participate were consented for TEG analysis to be performed on residual blood. Within 10 minutes post-intravenous tPA bolus, a second blood draw was obtained. This time was chosen because in previous studies there was a substantial effect of tPA on TEG at 10 minutes. If TEG were eventually shown to predict success of clot lysis or subsequent bleeding, 10 minutes might be soon enough to adjust the tPA dose. 7 TEG values, time of TEG draw and tPA administration, and CTA times were recorded. Additionally, we recorded whether or not a patient received CT perfusion imaging. The timing of CT imaging was at the discretion of the treating physician.
Dosage of tPA and Iodinated Contrast
For patients with estimated glomerular filtration rate >60 mL/min, 350 mg/dL of iohexol (Omnipaque; GE Healthcare) at a dose of 2.2 mL/kg was administered using a Dual Head Power Injector at a rate of 3 mL/s. For patients with estimated glomerular filtration rate between 30 and 60 mL/min, 320 mg/dL of iodixanol (Visipaque; GE Healthcare) at a dose of 2.2 mL/kg was given. For those receiving CT perfusion in addition to CTA, an additional 30 mL of contrast was administered. For tPA, an intravenous bolus dose of 0.09 mg/kg over 1 to 2 minutes was followed by an infusion of 0.81 mg/kg over 1 hour.
Blood Sampling and Processing

TEG Analysis
Seven to 10 mL of whole blood was collected into a citrated tube on patient's arrival before administration of tPA. Blood was held at room temperature and processed <2 hours of collection. Briefly, 1 mL of whole blood was placed into a kaolin vial and inverted 5 times for mixing. Then, 340 μL was pipetted (polyethylene) into the disposable cup 
TEG Parameters
TEG parameters are represented graphically in a thromboelastogram ( Figure 1 ). SP is the time elapsed from the start of the sample to initial fibrin formation. R is the time from the start of the sample until clot stiffness reaches an amplitude of 2 mm. K is the time elapsed from R until clot stiffness reaches an amplitude of 20 mm. α Angle denotes the angle between the slope of the line starting at R tangential to the TEG tracing with the horizontal axis and measures the rate of clot strengthening. MA is the maximum width of tracing and corresponds with maximum clot strength. LY30 refers to the percentage of clot lysis 30 minutes after MA is calculated. G is a measure of clot strength derived from MA, given by G=(5000×MA)/(100−MA).
The TEG machine was validated for quality assurance through daily quality control procedures using normal and abnormal controls.
Study Design
1. To examine the effect of iodinated contrast on thrombosis in the absence of tPA, we compared TEG values between patients receiving CTA before pre-tPA TEG draw and patients who did not receive CTA before pre-tPA TEG draw ( Figure 2 ). 2. To explore our primary hypothesis that iodinated contrast impairs thrombolysis by tPA, we compared post-tPA LY30 values between patients receiving CTA before tPA and post-tPA TEG draw and patients who did not receive CTA before tPA and post-tPA TEG draw ( Figure 3 ).
Statistical Analysis
The null hypothesis was tested in all analyses. Continuous variables with normal distributions were reported as mean±SD, whereas variables without normal distributions were reported as median and quartiles. 
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Categorical variables were reported as frequency and percentages. The differences between groups were evaluated using t test (or Wilcoxon rank-sum test) and χ 2 test (or Fisher exact test) as appropriate. Quantile regression was performed to compare the median of TEG parameters between different groups. Additionally, multivariable quantile regression models were fitted to compare the median of TEG parameters between groups after controlling for the effect of confounders. The identification of confounders was based on both a priori and empirical considerations. First, variables shown previously to be correlated with TEG parameters (eg, age, smoking status, and antithrombotic medications) were included in the analysis. Second, in a univariable analysis using P value <0.20, we identified factors that both differed between contrast and noncontrast groups and were associated with TEG parameters. The covariates were considered to be confounders if the regression coefficient of the independent variable, that is, presence of contrast, varied by >20% when the covariate was added to or deleted from the final model. All statistical analyses were performed using SAS version 9.3 (SAS Institute, Inc, Cary, NC), and a P value <0.05 was considered significant.
Results
Our cohort consisted of 136 AIS patients receiving tPA. Patients with errors in TEG processing, missing data, or patients for which TEG blood draw times or CTA times could not be accurately ascertained were excluded (n=22), leaving 114 patients for analysis. The demographics of patients studied are listed in Table 1 . There were no differences between groups, but a trend for differences in platelet count (P=0.06), small vessel occlusion (P=0.06), and diabetes mellitus (P=0.09) was observed.
For our analysis of the effect of CTA on baseline pre-tPA TEG, 37 patients had CTA before TEG versus 77 having CTA after tPA or no CTA (Figure 2 ). In our multivariable Quantile regression models, we compared the median of pre-tPA TEG parameters between CTA and no CTA groups, while controlling for several potential confounders as described in Table 2 . No significant differences were found in any of the TEG parameters between the 2 groups ( Table 2 ), indicating that the speed of clot formation was comparable between the 2 groups as was clot strength.
For the examination of the effect of CTA on tPA activity, 47 patients received a CTA before post-tPA TEG draw, whereas 42 patients did not (Figure 3) . After controlling for several potential confounders in our final Quantile regression model, as explained in Table 3 , no differences in median of post-tPA LY30 were found, indicating that the presence of contrast does not alter tPA-induced thrombolysis as measured by TEG.
It is possible that contrast only has an effect at higher doses. Patients having both CT perfusion and CTA receive an additional 30 mL of contrast. In our cohort, 34 patients received both CT perfusion and CTA before tPA (high-dose contrast group), whereas 42 patients did not receive any contrast before tPA. We found no significant difference in post-tPA LY30 between the high-dose and noncontrast groups (P=0.57; data not shown). 
Discussion
Our study is the first to examine the effect of the interaction between iodinated contrast and tPA in AIS patients on clotting dynamics and thrombolysis in real time as measured by TEG. In our multivariable Quantile regression model for pretPA TEG parameters, we controlled for potential confounders, namely, age, aspirin use, clopidogrel use, smoking status, baseline platelet count, and diabetes mellitus, and in our final multivariable Quantile regression model for post-LY30, we controlled for age, smoking status, aspirin use, and clopidogrel use. Our results support our hypothesis that the presence of contrast from CTA does not impair blood clotting or tPA-induced thrombolysis. Specifically, clot lysis occurring during 30 minutes after the clot achieved maximum strength (LY30) was not significantly different between contrast and noncontrast groups. In support of the current finding, a recent systematic review investigating the effects of contrast media on recanalization after AIS found no effect of contrast on rates of recanalization after thrombolytic therapy in AIS patients. 12 Our findings, although consistent with studies examining clinical variables such as functional outcome, do not necessarily contradict the findings of other in vivo and in vitro studies that demonstrate an effect of contrast on tPA-induced thrombolysis. [3] [4] [5] [6] 13 Previous research has demonstrated that increasing concentrations of tPA reduce the impairment of thrombolysis by contrast. Thus, failure to find an effect of contrast in studies such as ours in which tPA was administered clinically could be a function of drug concentration if effective clinical dosages are higher than those resulting from in vitro or ex vivo administration of tPA. 12, 14 Additionally, clinical administration of tPA results in significant variability in plasma tPA. 15 In comparison to studies in which fixed, known concentrations of tPA were added to blood samples, the levels of tPA in our study would presumably be more variable, limiting our ability to detect a small interaction between contrast and tPA. Studies that demonstrated an interaction between contrast and thrombolysis have found that this effect is proportional to the dose of contrast. 3 Thus, it is possible that the levels of contrast in the current study were too low to significantly impact tPA-induced thrombolysis. A recent study found that in patients receiving CT angiography before cardiac catheterization, iohexol prolonged mean lysis onset time with tPA as the thrombolytic agent. 3 Our study examined lysis occurring over a 30-minute interval from blood drawn 10 minutes after tPA bolus. Therefore, we might have failed to capture an initial delay in thrombolysis resulting from contrast-tPA interaction starting immediately after the bolus or occurring earlier in the process of clot lysis. Despite these considerations, based on our data, it is unlikely that systemic thrombolysis by doses of tPA given to stroke patients is significantly affected by the amount of contrast administered as a result of obtaining a CTA.
A limitation of this study is that clots formed ex vivo in TEG may not be representative of clots found in cerebral arteries causing AIS. Previous research at our institution found that the percentage of patients with complete recanalization of proximal middle cerebral artery occlusions 2 hours after tPA was 18%. 16 In contrast to in vivo clots, clots formed in TEG are almost entirely lysed by 30 minutes (LY30=95% and 95.3% in noncontrast and contrast groups, respectively). Thus, it is possible that the greater efficacy of tPA in lysing ex vivo clots formed in TEG could mask a small interaction between tPA and contrast that might occur in vivo at the location of the intracerebral clot.
Another limitation of the present study is that coagulation measures from more established fibrinolytic tests, such as D-dimers and fibrinogen assays, were not collected. Although these assays differ from TEG in that they provide static, indirect measurements of in vivo thrombolysis, they would have been useful in confirming the lack of an effect of contrast on tPA-induced thrombolysis we observed using TEG. However, previous studies have confirmed the sensitivity of detection of fibrinolysis by TEG in numerous clinical settings where a significant advantage is earlier results from a point-of-care test. [17] [18] [19] An additional limitation in this study is the sample size. Our small sample size may not be adequate to detect a small but genuine effect of contrast on tPA-induced thrombolysis. However, even if a small difference were to exist, it will be unlikely that this effect would be clinically meaningful given the absence of an effect in the current study.
In summary, the current data do not support an impairment of tPA-induced clot lysis by iodinated contrast or an effect of contrast on thrombosis independent of an interaction with tPA. Furthermore, TEG may be a useful method for assessing the effect of tPA as evidenced by lytic activity seen in all samples post-tPA. Whether TEG is sufficiently sensitive to detect variables decreasing tPA-induced lysis remains a question and needs further study.
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